A thermodynamic model has been derived for the surface tension of molten salt mixtures in common ion alkali halide, nitrate, carbonate and sulfate systems considering the relaxation structure of the surface and the ionic sizes to discuss the composition dependence of the surface tension of those systenls.
Introduction
The authors have applied thermodynamic databases, which are usually used for the calculation of phase diagrams, to the evaluation of surface tension of liquid alloys, molten salt mixtures and molten oxide mixtures [94Tan, 96Tan, 98Tanl, 98Tan2, 98Tan3] . In those calculations, Butler's equation [32But] for the surface tension of those mixtures has been applied with the approach proposed by Speiser et al. [87Spe, 89Yeu] to evaluate excess Gibbs energies in the surface. Although the above calculated results of the surface tension of liquid alloys agree well with experimental data, some calculated results for molten ionic mixtures show discrepancies with experimental data even for common ion alkali halide systems [96Tan, 98Tanl, 98Tan2, 98Tan3] . In addition, we found that there exists a general relationship between the composition dependence of the activity ax in the bulk and that of the surface tension a in liquid alloys (that is to say, positive deviation of ax from ideal solution+-+ negative deviation of a, and vice versa), but this relationship is not applied to molten salt mixtures [96Tan, 98Tanl, 98Tan2, 98Tan3] . Furthermore, the molten salt mixtures have the tendency to show a large downward curvature of the composition dependence of the surface tension [80Goo, 96Tan, 98Tanl, 98Tan2, 98Tan3, 98Tan4] . In the previous work [98Tan1, 98Tan2, 98Tan3] , the thermodynamic model was derived for the surface tension of molten salt mixtures in common ion alkali halide systems considering the relaxation structure of the surface and the ionic sizes.
The purpose of this work is to extend the above thermodynamic model for alkali halide mixtures to molten salt mixtures in common ion alkali halide, nitrate, carbonate and sulfate mixtures, and to discuss the composition dependence of the surface tension of those mixtures.
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Thermodynamic Model
The surface tension a of A-B binary molten ionic mixtures is evaluated from the combination of Eqs (1) and (8) [98Tanl, 98Tan2, 98Tan3] when the information is used on fundamental physical properties of pure components and the excess Gibbs energies stored in some thermodynamic databases.
The above equation has been derived by considering the ionic distance fraction in terms of the mixing entropy of Butler's equation. In the above equation, superscripts S and B indicate the surface and the bulk, respectively. R is the gas constant, T is the temperature 3 ax the surface tension of pure liquid X, Ax = N~1 3 v;l-corresponds to the molar surface area in a monolayer of pure liquid X.
(N 0 : Avogadro number, Vx: molar volume of pure liquid X). N~ orB is the mole fraction of component B. dx is the ionic distance between cation and anion for pure salt X and is assumed to be the sum of the radii of the cation and that of the anion for pure salt X. G~,s (T, N~) and G~,B (T, NN) is the partial excess Gibbs energies of X in the surface and the bulk as a function of T and N~ or B.
(X= A or B) The information on G~'B(T,NN) in the bulk can be obtained from thermodynamic databases which are usually applied to the calculation of phase diagrams.
G~'s(T,N~) in the surface can be derived as follows
The partial excess Gibbs energy G~x,B (T, NN) in the bulk is assumed to be mainly determined by the polarization effect which is generated by the different ions having the same sign of charge. Then, in the bulk, GEx.s(T Ns) ex: a (ZS)I {-1-
where (zs) 1 is the apparent coordination number in the surface considering the relaxation of the surface as described later. ( is the ratio of the ionic distance in the surface to that in the bulk, which is caused by the relaxation in the surface. This ( has been evaluated as abou~ 0.97 ~i'ix §awada a~d After the surface is created from the bulk, we assume that some of the binding energy in the surface U~ is consumed to form the relaxation structure in the surface, and the difference between the rest of the energy in the surface and the binding energy in the bulk U~ can be seen as the surface tension ax multiplied by the molar surface area Ax. Then,
where U~ and U~ = (zs IZ 8 ) U~ are binding energies of component X in the bulk and the surface, respectively. flEx is the energy to form the relaxation structure in the surface. Although this was given by -(<';IZ 8 )U~ in the previous work [98Tanl, 98Tan2, 98Tan3] , it has been modified in the present work to show that flEx is assumed to be proportional to (U~ -U~) as follows
where flHEva,x = ( -U~) is the evaporation energy of component X at the melting point.
[1
1 IZ 8 is the apparent ratio of the coordination number in the surface to that in the bulk considering the relaxation of the surface. The relation between ax and flHEva.X I Ax for molten alkali halide salts is shown in Fig. 1 
The surface tension of molten salt mixtures in the common ion alkali halide systems can be evaluated by Eqs (1) and (8) as described in the previous work. Although the information on flHEva,x for alkali nitrate, carbonate and sulfate systems is not available, flHEva,x can be associated to Tm as pointed out in [88Iid] for liquid metals. Figure 2 shows the relationship between ax and T ml Ax for various molten pure salts. Data for the plots of ax with Tml Ax in Fig. 2 are listed in Table 1 [79Kub, 83Pel, 87NIS]. Comparing the gradient of the relation between ax and flHEva,x I Ax in Fig. 1 with that of the relationship between ax and T ml Ax in Fig. 2 
Calculated Results and Discussion
First of all , we have calculated the surface tension of molten salt mixtures in the KN0 3 -LiN0 3 system for various values of pMIX. Since the molten KN0 3 -LiN0 3 system has a large negative excess Gibbs energy, this system is adequate to investigate the effect of pMI X = e;;x ,s(T , N~)/ e;;x,B (T , N~) on u. Table 3 
where YA = qA NV (qA N~ + qsN~) = 1-Ys. qA and qs are the number of equi valents per mole of the respective component. N~ = 1 -N~. g 0 , g 1 and g 2 are Gibbs energy parameters.
In Eq.
(1) dA and dB for alkali halides, nitrates, carbonates and sulfates are evaluated by the sums of the ionic radii of the cation plus that of the ani on. The data of the ionic radii Z . Metallkd. 90 (1999) S trate, carbonate and sulfate systems with alkali halide systems. Figures Sa and b show the calculated results of the surface tension of some common ion alkali halides, nitrates, carbonates and sulfates mixtures. As shown in these figures, the calculated results agree well with the experimental data [87NIS] in those mixtures. As described above, [JMIX = 1.1 can be applied to the common ion alkali halides, nitrates, carbonates and sulfates mixtures even though the gradient of the relation between ux and Tm/Ax (or ux and !}.HEva,x/Ax) for alkali nitrates, carbonates and sulfates is different from that of alkali halides as shown in. Fig. 2 . The former group has a larger surface tension for a given T 111 / Ax than the latter ones because of the smaller value of fJ'. The energy to form the relaxation structure in the surface !}.Ex is proportional to (U~-U~), which is roughly proportional to ux because of I u~-u~ I » !}.Ex in Eq. (5). The extent of their surface relaxation in the former group is, therefore, estimated to be larger than that of alkali halides. Thus, the value of ( for alkali nitrates, carbonates and sulfates is supposed to be smaller than that of alkali halides, which keeps the value of [JMIX to be 1.1 in Eq. (8).
Concluding Remarks
A thermodynamic model has been derived for the surface tension of molten ionic mixtures in common ion alkali halide, nitrate, carbonate and sulfate systems considering the surface relaxation and the ionic sizes. The relation between the excess Gibbs energy in the surface and that in the bulk Z. Metallkd. 90 (1999) 5
